


ARCHIVES OF OTOLOGY. 


RUPTURE OF THE INTERNAL CAROTID AR- 
TERY, SUBSEQUENT TO NECROSIS OF 
THE TEMPORAL BONE. AUTOPSY. 


By T. Y. SUTPHEN, M. D., Newark, N. J. 


Thomas McC., et. twenty-five, born in England, came to the 
Eye and Ear Clinic of St. Michael’s Hospital for treatment, Dec. 
31, 1885. He gave the following history of his trouble : When a 
child, received a blow upon the right ear, resulting in a discharge 
which has continued more or less constantly until the present 
Four years ago, while in England, he was treated for an abscess 
beneath that ear, which, as he stated, “ readily healed under cold- 
water dressings.” Very recently that swelling had returned ac- 
companied with severe pain. On examination, the walls of the 
external canal were found swollen, the cavity of the middle ear 
partially filled with granulations, and carious bone was readily de- 
tected. An opening being made into the abscess, directly beneath 
the auricle, communication was established with the middle ear, 
as shown by syringing. Under treatment he improved, and after 
a few visits was lost to observation for a time. The next record 
of his case is from the books of the Newark Charitable Eye and 
Ear Infirmary, under date of Feb. 9, 1886. I quote notes kindly 
sent me by Dr. C. J. Kipp: ‘“‘ There was profuse otorrhcea, and 
the external canal was full of granulations, after the removal of 
which the walls of the external canal and the tympanic cavity 
were found to be carious. Immediately below the external 
meatus, was a fistulous opening, through which pus escaped. A 
large probe could be passed inwards for about an inch, and came 
in contact with rough bone. Water injected into the meatus es- 
caped freely into the mouth, and also in a stream through the 
fistulous opening, and water injected into the fistula escaped 
through the external meatus, and also into the pharynx, and 
brought away large masses of cheesy pus. The man improved 
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very much under simple syringing.. He had neither optic neu- 
ritis, facial paralysis, nor hemiplegia while under treatment at 
the Infirmary.” His attendance at this institution lasted a week 
or ten days. 

May 26, 1886.—Patient was admitted to the wards of St. Michael’s 
Hospital, stating that three weeks before he discovered that the 
right side of his face was paralyzed, and that three days previously 
the left side of his body became so. Complained of severe pain 
in the right side of the head, dizziness, and nausea. The facial 
paralysis was complete, as was also the hemiplegia. The fistula 
beneath the auricle had closed, but discharge continued from the 
ear. There was no optic neuritis. The man would not consent 
to any operation for the removal of dead bone, and therefore the 
treatment was limited to the administration of tonics in a general 
way, with fomentations locally over the ear. Drs. Wrightson and 
Duffy were associated with me in the care of the case at this 
time. In a few days the discharge increased, the headache and 
nausea disappearing. The man recovered more and more the use 
of the paralyzed side, and within two weeks was able to walk 
about the ward, leaving the hospital shortly afterward, free from 
all his severe head symptoms, and well of his hemiplegia. The 
facial paralysis remained unchanged, and the otorrhoea continued. 
The patient returned to his work, occasionally calling at the 
clinic tor treatment. 

Aug. 30th.—Reported a return of the headache and vomiting. 

Sept. 7th.—The headache had increased. Bromides were pre- 
scribed internally, and fomentations again advised locally over the 
ear. 

Sept. 1oth.—Had a profuse hemorrhage from the ear, the eve- 
ning before, followed by an increase in oe amount of discharge, 
with entire relief from pain. 

Sept. 14th.—Four hemorrhages had occurred: since the evening 
previous, but which were quite promptly arrested by cold com- 
presses. Ergot prescribed. 

Sept. 1544.—Came staggering to the clinic, pale and weak, evi- 
dently from the loss of blood. There had been two hemorrhages 
in the last twenty-four hours, one of which was checked with 
difficulty. Was readmitted to the hospital, placed in bed, and 
stimulants administered. 

Sept. 16th.—One hemorrhage and return of headache. It was 
suggested to tampon the external canal, but the free flow of pus, 
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which would be checked, and the danger from blood-poisoning, 
rendered it unsafe to adopt this measure. An attendant was kept 
constantly at the bedside to aid in arresting any hemorrhage 
which might occur. : 

Sept. 17¢h.—No hemorrhage, but free discharge of pus tinged 
with blood. 

Sept. 18th.—No hemorrhage. 

Sept. 19th.—The patient was rapidly growing weaker. His 
temperature reached g9}°, the highest at any time during his ill- 
ness. There was no hemorrhage until five Pp. M., when, during re- 
adjustment of the cold compress, he became nauseated, and while 
endeavoring to vomit, profuse bleeding began, lasting about two 
minutes, according to the statement of the nurse. From that 
time until his death, which occurred four hours later, the man 
was apparently suffering intense agony, frequently screaming 
aloud, and locating the greatest pain in the back of his head 
extending down the neck to the shoulder. He was delirious 
most of the time, but could be aroused, and answered rationally 
any questions asked. : 


The AUTOPSY, which was kindly made in my presence by 
Dr. C. D. Bennett, assisted by Dr. L. E. Hollister, disclosed 
the following: The temporal bone in the region of the 
middle ear had been changed into one large carious cavity, 
containing a sequestrum, irregularly oblong in shape, one 
inch in length, and about seven lines in breadth and thick- 
ness. Carious changes had taken place even to the anterior 
and posterior surfaces, over a space of at least half an inch 
in diameter, that on the posterior corresponding to the lo- 
cation of the internal auditory meatus. The superior border 
of the bone was healthy. On removing the sequestrum, an 
opening was found into the internal carotid artery, the walls 
of which were softened, a large probe easily entering, the 
identification of the vessel being established by dissections 
in the neck. Corresponding to the internal meatus was an 
opening from the carious cavity into an abscess in the cere- 
bellum opposite, containing about one drachm of dark, thin 
pus. Adjacent to this, above and anteriorly, was a mass of 
cicatricial tissue occupying the entire thickness of the gray 
matter, cut with difficulty, and presenting a discolored, un- 
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even surface, no doubt being the result of an abscess which 
had healed. The fourth ventricle contained an ounce or 
more of dark serum. On the superior surface of the cere- 
bellum was a large discoloration showing evidences of a 
former localized meningitis. The brain in all other respects 
was healthy. 

The case presents several points of interest, most promi- 
nent of which is the fatal hemorrhage, ligation being use- 
less, and tamponing in all probability resulting only in 
septicemia. 

Next the urgency of early removal of necrosed bone, for in 
this case evidently it was the presence of the sequestrum 
which eroded and tended to soften the walls of the artery. 
Still such a piece as was here found could only have been 
removed with great difficulty, as it was larger than the 
bony canal. 

Then too the location of the intra-crantal abscess, with its 
outlet into the carious cavity, was another interesting 
feature. Had there been no escape for its contents, any 
effort at relief by surgical means would have proven unavail- 
ing, unless an opening were made directly inward towards 
the median line—where few would have suspected to have 
found the trouble or dared to enter. 

Then, lastly, was the czcatrix of an old abscess in the 
brain, which had either undergone absorption, or been 
emptied through the ear—the latter of which seems to be 
the more reasonable solution, for it must have been pressure 
from this which produced the severe symptoms of the 
patient on entering the hospital in May, and which together 
with the hemiplegia disappeared as the flow of pus from 
the ear increased. This case is recorded chiefly on account 
of its interesting clinical features. 














COMPARATIVE TESTS OF THE HEARING OF 
ONE HUNDRED PERSONS BY MEANS OF 
TUNING-FORKS, WATCH, AND WHISPERING. 


By A, EITELBERG, M.D., Vienna, 
Translated (abridged) by Istpor Furst, New York. 


HE basis of this paper is formed by comparative hear- 
ing tests by means of tuning-forks, the watch, and 
speech, made by me on one hundred persons. The greater 
part of the number (sixty-three cases) was taken from the 
Policlinical Dispensary, the lesser part (thirty-seven cases) 
from my private practice. I had at my disposal for the ex- 
amination, both at the Policlinic and in my office, a room 
six metres in length. Larger halls could not be made 
available in either place, owing to the absence of absolute 
quiet, which is essential to such tests. 

This fact at the same time indicates a fault which may be 
said to be inherent to my experiments. (It is well known 
that the distance for normal hearing of whispering is from 
twenty to twenty-four metres.) This source of error was 
sought to be obviated in part by determining the hearing 
distance for whispering not in the direction of the axis of 
the auditory canal, but by placing myself always behind the 
person under examination. 

Cases of unilaterally diminished perception are of special 
interest because of the comparison which was made possible 
with the result of the test of the healthy ear, and because 
of the influence of the affected on the unaffected side 
which frequently manifested itself. 

Where there was a diminution of the perception of whis- 
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pering at the distance stated, the point was first determined 
at which whispering was still well understood, and then how 
far the whisper was perceived as such (without correct repeti- 
tion of the words spoken). 

The words employed in the test for the perception of 
whispering were each time carefully recorded, as well as the 
greater or lesser hearing distance manifested exceptionally 
for some words in the case in question. The results were 
considered definite only after having been subjected to a 
second test; and it hardly needs to be specially mentioned 
that all possible precautions were strictly observed. 

It would lead too far to explain in detail in what manner 
the tests were made. Some points in which this would ap- 
pear indispensable will be subsequently discussed. 

For this reason the following illustration of the result of 
the test of a person with normal hearing may take the place 
of a general description of the mode of examination. 


Louise D., aged forty-three years. The vibrating tuning-fork 
é is heard equally well on both sides (“in the whole head”) from 
the vertex, forehead, teeth, occiput, both temporal and parietal re- 
gions ; and better on the corresponding than on the opposite ear 


from in front of the tragus and from the mastoid process (both 
_ near to and farther removed from the point of attachment of the 
auricle). The tuning-fork is perceived better in front of the 
tragus than from the mastoid process near the point of attach- 
ment of the auricle. 

From the vertex, the tuning-fork ¢ is heard for 15 seconds, and 
then through air-conduction—right for additional 38, left for addi- 
tional 42 seconds. | 

Directly in front of the right ear for 58 seconds, and the same 
length of time in front of the left ear. 

In front of the right tragus for 35 seconds; in front of the left 
tragus for 28 to 32 seconds ; from the right mastoid process (near 
the auricle), 32 seconds ; from the left mastoid process (near the 
attachment of the auricle), likewise 32 seconds ; from the right 
mastoid process (farther distant from the attachment of the 
auricle), 24 seconds; from the left mastoid process (farther dis- 
tant from the attachment of the auricle), 22 seconds; from the 
right temple, 17 seconds ; from the left temple, 15 seconds ; from 
the right parietal: bone, 14 seconds; from the left parietal bone, 
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likewise 14 seconds ; from the forehead, 18 seconds; from the 
root of the nose, 16 seconds; from the occiput, 20 seconds, from 
the teeth, 15 seconds. Tuning-fork ¢, as well as tuning-fork a, are 
perceived better on both sides through air-conduction than through 
bone-conduction. Otherwise, as regards the perception from the 
various parts of the skull, tuning-fork a2 shows the same relations 
as tuning-fork ¢. 

Tuning-fork ¢ is heard, right, at a distance of 6 metres for 11 
seconds ; at 2.5 metres likewise for 11 seconds; at a distance of 
85 cm for 16 seconds; and at 20 cm for 25.seconds. 

On the left side the same tuning-fork is heard the whole length 
of.the room (6 metres) for 15 seconds ; af a distance of 2.5 metres 
for 12 seconds ; at 1 metre for 22 seconds; and at 20cm for 26 
seconds. (This experiment was repeated three times, and always 
with the same result.) Tuning-fork @ is heard quite plainly with 
each ear the full length of the room. 

The watch is heard equally well in both ears from the vertex. 
the occiput, and the teeth ; better in the corresponding than in 
the opposite ear from the temple, the parietal bone, in front of the 
tragus, and from the mastoid process. With reference to the dis- 
tance, the watch is heard with each ear (the other being closed 
with cotton) at 6 metres, and the subject of the test claims to hear 
the ticking of the watch monotically as distinctly as binotically. 
From the back the watch is likewise heard very well at 6 metres, 
and from above as far as I could reach, say about 1.5 metres. With 
reference to the distinct perception of the sounding body, the sub- 
ject denies here too that there is any difference between monotical 
and binotical hearing. Whispering is understood perfectly with 
each ear the full length of the room. 


The one hundred cases examined by me fall under the 
following heads: 


Normal hearing . . ; , ‘ i ‘ Io cases, 
Otitis ext. circumscr. unil. ; . ‘ ‘ — = 
- * = 7s , ; . ‘ I case, 
Accum. cerum. bilat. ; ‘ ; , ma: 
“of one, and cat. chr. of other side,.2 cases. 
Myring. acut. unil. . ‘ : ‘ . ‘ I case, 
Perfor. membr. tymp. traum, unil. ‘ 2 cases. 
” ss ” 6 “c. fract. manubr. 
mall. s. and cat. chr. lat.d. ‘ ‘ ‘ I case, 
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g. Cat. acut. bilat. . . . ; . . ; 4 cases, 
ro. “ chr. unil, . : , ‘ : . a. * 
mo OO ee... ‘ ; , , 35 
12. Tympanitis (ot. med.) phlegm. bil. . : ‘ 2 
13. se pur. acut. unil. : ; a 3 
14. ~ “ We ~ ‘ ‘ : I case. 
15. ‘“* of one, and cat. chr. of other 

side . : ‘ ‘ 5 cases. 
16. chr. unil. : , , ‘ 6 “ 
17.  pilat. ; : , ; ie 
18, “ of one, and tymp. pur. acut. 
of other side . . I case. 
19. “ of one, and cat. chr. of other 
side : ‘ : ; 2 cases. 
20. Aff. acust. unil. ; ; ; , : , I case. 
he! “  pilat. ; : , ; ; ; 8 cases. 


—— 


I0oO Cases. 


The age of the persons tested ranged between fourteen 
and seventy-eight years; forty-nine were males, fifty-one 
females. 

A few words of explanation must be added to the pre- 
ceding division. It is self-evident, where a unilateral affec- 
tion is spoken of, the auditory organ of the other side is to 
be considered normal. But it should be stated that in 
twenty-three cases of unilateral disease an influence on the 
other, unaffected ear manifested itself no less than twenty 
times, in so far that, though the examination by tuning- 
forks and speech showed a relation corresponding to a 
normal auditory organ, the perception for the ticking of the 
watch proved to be reduced even on the otherwise normal 
side. The three cases in which a recognizable influence on 
the unaffected ear by the affected one could not be shown 
were: a unilateral acute myringitis, a traumatic perforation 
of the Jt on the left side, and an otitis ext. circ. lat. 
d., which latter was in the process of healing. At times 
even the influence on the healthy ear by the affected one 
could be demonstrated by experiment. The case was 
a left-sided circumscribed inflammation of the external 
auditory canal in a girl aged twenty-two. While the otitis 
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was at its height, the patient heard the watch with the 
healthy ear only to a distance of two metres. The exam- 
ination with tuning-forks and whispering showed quite 
normal relations. The examination being repeated when 
the otitis had run its course, the watch was heard at the 
distance for normal ears (six metres). Subsequently a 
slight relapse occurred, but it left the healthy ear unin- 
fluenced, even as regards the perception of the watch. 

The same result was obtained in a second case of otitis 
extr. circumscr. lat. d. The watch was heard—right, at 
7 cm, left, at 150cm, after recovery, right, at 60 cm, left, 
at 265 cm. 

With reference to the terms, chronic catarrh of the 
middle ear and affectio acustica, it should be borne in mind 
that these two affections not rarely occur in combination. 
For it may be readily explained on physiological grounds, 
that, when the acoustic nerve is placed out of function for 
some time by an intense affection of the sound-conducting 
apparatus, it must necessarily suffer damage. But also in 
pronounced disease of the sound-perceiving apparatus 
which we can designate as the primary process, character- 
istic indications of the chronic middle-ear catarrh are 
frequently found. In such instances my motto was: ‘‘A 
potiori fit nominatio.” Complete anesthesiz of the acoustic 
nerve have not been included in these discussions, but have 
been eliminated from the comparative table. 

Under the head of tymp. pur. acuta were enumerated 
those cases of purulent inflammation of the middle ear 
which had existed at most two or three months; otorrhceas 
dating beyond this time were termed chronic. Two 
traumatic perforations of the M¢ ran their course without 
purulent otorrhcea. One of them, complicated with fracture 
of the manubrium mallei, will be found more fully reported 
elsewhere.’ A third case was distinguished by the fact that 
the causative trauma could have been only very slight: 
a young girl of twenty-one positively asserted that it was 
merely a gentle love-tap on the left ear. To be sure, on 
inspection the drumhead proved to be pathological: it was 





1 Wiener med. Presse, 1885, No. 43. 
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here and there thinned and bore a semilunar calcification on 
the anterior half. The J/¢ of the other side likewise 
showed pathological alterations. After a brief process of 
suppuration, permanent recovery ensued. Before treat- 
ment (left catheterization and insufflation of boric acid), the 
patient heard the watch—left, at 32 cm, right, at 60 cm. 
After treatment was concluded, the perception for the 
same sound rose—left, to 80 cm , right, to 200 cm. 

As during these examinations attention was chiefly di- 
rected to the tuning-fork test, and as its results will occupy 
us for a longer time, I shall commence with the discussion 
of the phenomena observed with the watch and speech, 
since they can be summarized more briefly. 

The persons with normal hearing (among them were 
several young physicians who kindly submitted to the 
examination), who were tested, agree in stating that the 
watch is perceived equally well on both sides from the 
vertex, forehead, occiput, and teeth ; is heard better in the 
corresponding ear from the temple, parietal bone, mastoid 
process, and in front of the tragus; when the watch is 
applied to the mastoid process or in front of the tragus, its 
perception in the opposite ear is reduced to a “ low co- 
vibration.” From a distance the watch is heard somewhat 
better binotically than monotically ; but three medical men 
very positively stated that they perceived the ticking of the 
watch better monotically than binotically. 

As regards the perception of the watch by bone-conduc- 
tion in pathological cases, it was generally found that wher- 
ever air-conduction was on both sides much diminished— 
z. ¢., where the perception for the watch was reduced to 
a distance of about one centimetre—bone-conduction (no 
matter what the disease was) had in the great majority 
of cases disappeared from those parts of the skull which 
were farther removed from the ear, and was noticeable only 
from the mastoid process and in front of the tragus, perhaps 
now and then from the teeth, in the corresponding ear, pos- 
sibly in both ears. Where, however, the affection was uni- 
lateral, the ticking of the watch, as a rule, was heard exclu- 
sively, or at least much better in the relatively healthy than 
in the diseased ear. 
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The expression “ relatively healthy ” means that the per- 
ception of the watch by air-conduction in the unaffected ear 
was very frequently reduced, while the examination by 
means of tuning-forks and whispering demonstrated the 
integrity of the auditory organ. Hence the watch, in my 
opinion, may be considered an excellent test medium for 
furnishing the proof that the healthy has been influenced by 
the diseased ear. 

Where the perception for the watch by air-conduction is 
retained to some extent, so that it is heard with the affected 
ear at perhaps 10 to 20 cm, bone-conduction at the neutral 
(equidistant from each ear) zones of the skull may prove 
equally good for both ears, but with the slightest displace- 
ment towards one or the other side be found better or alone 
manifested in the corresponding ear. 

The occipital, parietal, and vertical regions, in persons 
with reduced hearing, especially women—owing to their 
thick growth of hair,—were most frequently found insuffi- 
cient for the conduction of the sounds of the watch, while 
the parts with little or no hair, such as the forehead, temple, 
mastoid process, and tragus, still served to conduct them to 
the affected ear. Where the latter likewise failed, the teeth 
at times conducted the ticking of the watch to the affected 
ear. Where air-conduction was completely abolished, it was 
only rarely possible to demonstrate a trace of remaining 
bone-conduction in those parts of the skull which adjoined 
the affected ear. 

The preceding statements will be illustrated by some 
examples selected from the most various affections of the 
organ of hearing. 


1. Accum. cerum. bil. Watch not heard from the vertex, fore- 
head, occiput, and teeth; heard faintly from the temple, mastoid 
process, and in front of the tragus in the corresponding ear; right, 
1 cm ; left, ad conch. 

2. Cat. acut. bil. Watch not heard from the forehead, vertex, 
occiput, both parietal bones ; heard only in the corresponding ear 
from the temple, mastoid process, in front of the tragus ; right, ad 
conch. ; left, 1 cm. 

3. Cat. chr. bil. Watch not heard from the teeth, vertex, fore- 
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head, and occiput ; heard only in the corresponding ear from the 
temple, mastoid process, and in front of the tragus ; right, 1 cm ; 
left, 3 cm. 

4. Cat. chr. bil. Watch not heard from any point (not even the 
mastoid process and tragus); barely perceptible on both sides from 
the teeth ; right, 3 cm ; left, 1 cm. Continuous tinnitus, left. 

5. Cat. chr. bil. Watch not heard from any point; right, 3 cm ; 
left, 1 cm. No tinnitus. 

6. Cat. chr. bil. Watch not heard from the vertex, forehead, 
occiput, left temple, and left parietal bone ; heard on the left only, 
in front of the left tragus and from left mastoid process ; right 
only, from right temple, right parietal bone, mastoid process, and 
tragus ; on both sides from the teeth, but better right; right, 
18 cm; left, 5 cm. 

7. Right, typm. pur. ac. ; left, cat. chr. Watch heard left only, 
from the vertex and forehead ; not at all from the teeth ; faintly 
on the right from the occiput ; on the left only, from both temples 
and parietal bones ; on the right only, from the right tragus and 
mastoid process ; on the left only, from the left tragus and mas- 
toid process ; right, o ; left, 10 cm. 

8. Lefl, tymp. pur. ac. ; right, cat. chr. Watch heard equally on 
both sides from the vertex and forehead ; better on the right from 
the teeth ; only in the corresponding ear, from the temple, mastoid 
process, and tragus ; left, ad conch. ; right, 50 cm. . 

9. Zymp. pur. chr. lat. d. Heard on the left only, from the ver- 
tex, forehead, teeth, left temple, left parietal bone, left mastoid 
process, and in front of left tragus ; not at all, from the right mas- 
toid process, right temple, right parietal bone, and occiput ; right, 
o; left, 160 cm. 

10. Zymp. pur. chr. lat.s. Watch not heard from the vertex ; 
on the right only, from the forehead ; on the left only, from the 
teeth ; on the left only, from the left temple ; from the left tragus 
and mastoid process, o ; on the right only, from the right tragus 
and right mastoid process ; left, 1 cm; right, 95 cm. 

11. Zymp. pur. chr. lat.d. Watch heard on the left only, from 
the vertex, left mastoid process, and in front of the left tragus ; 
on the right only, from the right temple, right mastoid process, 
and tragus ; on both sides, from the forehead and teeth, but bet- 
ter on the left ; right, o; left, 100 cm. 

12. Zymp. pur. chr. bil, Watch from forehead, vertex, occiput, 
both parietal bones, 0; on both sides from the teeth; on the 
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corresponding ear only, from the temple, mastoid process, and 
tragus ; each respectively, 1 cm. 

13. Affectio acust. bil, Watch not heard from any point (not 
excepting mastoid‘process and teeth) ; each respectively, 1 cm. 

14. Affectio acust. bil. Watch not heard from any point ; right, 
3 cm ; left, 5 cm. 

15. Affectio acust. bil. Watch not heard from any point ; right, 
ad conch. ; left, o. 


As may be seen from the 14th example, perception for the 
watch by bone-conduction was at times totally extinct ; 
while air-conduction, though greatly reduced, had not yet 
fallen to zero. This applies by no means exclusively to 
those cases which had to be declared affectzo acust., but also 
to those which, according to the results of the examination, 
came under the head of chronic catarrh of the middle ear, 
whenever air-conduction on both sides did not exceed I or 
2cm. It was rare under these circumstances to demonstrate 
even faint bone-conduction from the mastoid process or the 
tragus. 

In the case of bilateral accumulation of cerumen, no 
change in the bone-conduction was obtained after removal 
of the plugs, although several days’ treatment by Politzer’s 
method had raised the perception for the watch—right, to 
10 cm, left, to 6 cm, and whispering was understood on 
both sides at half a metre (formerly only close to the 
ear). 

In the cases of unilateral or bilateral catarrhal disease of 
the middle ear, the watch was generally heard better through 
bone-conduction in the affected or deafer ear, but asa rule 
only when the affected or deafer ear had a comparatively 
good air-conduction (10-20 cm). Not rarely the watch was 
heard better from some point, ¢. g., the vertex, in the one, 
from another point, ¢. g., the forehead, in the other ear. 
Altogether, it was rarely possible to utilize the results of the 
examination for the perception of the watch by bone-con- 
duction by themselves, for the purpose of drawing conclu- 
sions borne out by other tests as to which ear presented the 
more advanced morbid process. Of course it must not be 
forgotten that the correct estimation and localization of 
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auditory perceptions is not very easy, and requires a degree 
of intelligence which is not always found in dispensary 
patients. ‘ 

In examining by means of the watch, the question was 
also kept in mind whether measurable differences between 
monotical and binotical hearing could be detected. This 
question can be studied with greater certainty in persons 
with defective hearing than in those with normal ears. 
The latter, who perceived my watch at a distance of 6 
metres, whether the other ear was closed with a cotton plug 
or the finger, had to restrict themselves to a single estima- 
tion—which was, moreover, left to the subjective valuation 
of each individual—of the intensity of the ticking perceived. 
And if we leave out of the consideration the above- 
mentioned three exceptions in whom the ticking of the 
watch was more distinct in monotical than in binotical 
hearing, the majority of the persons tested asserted that 
they could distinguish the ticking of the watch at a 
certain distance better with both ears than when one ear 
was excluded. 

As above stated, such tests are more reliable in persons 
with reduced hearing. In them the difference can be ex- 
pressed in numbers, and thus be controlled by the observer. 
In such tests it is best to let the sounding body (watch) act 
from behind the patient. When the watch was held in the 
ideal prolongation of the auditory axis, no improvement of 
hearing was noticed in many of my cases when the opposite 
ear remained free. For instance, if the person under exam- 
ination hear the watch—right, at 150, and left, at 3 cm, the 
hearing power on the left side did not rise by any means 
when the right ear was not closed. Even in tests for mon- 
otical and binotical hearing of the watch held in the ideally 
prolonged median axis, only those cases are suitable in 
which the perception through air-conduction, though less 
than normal, is not reduced below a certain point, otherwise 
the watch will not be heard at all in the direction stated. 
When the distance for the perception of the watch through 
air-conduction is only about Io cm, the ticking of the watch 
in the median axis (back) will hardly be still audible, and 








this is the case particularly when the limit of perception is 
1-3 cm in front of the auditory canal. 

It was found, however, that in this mode of examination 
likewise a preponderance of binotical over monotical hear- 
ing was very rarely demonstrated, but rather that the dif- 
ference was due to the temporary exclusion from the act of 
hearing of the better or deafer ear. Indeed, it was sufficient 
when the watch was simply displaced towards one or the 


other side in order to obtain higher or lower figures, accord- . 


ing to the greater or less perceptive power of the respective 
ear. It seemed as if in most cases the better or worse per- 
ception of the ticking depended not upon whether each ear 
by itself or both ears together were brought under the act 
of hearing, but rather on the deviation from the median 
axis in favor of one or the other ear. 

Some examples may sufficiently illustrate these state- 
ments. Although persons with normal hearing usually per- 
ceive the watch in the prolonged median axis at a distance 
of 6 metres monotically and binotically, I can cite a case 
in which the watch was promptly perceived with each ear 
in the direction of the prolonged auditory axis at 6 metres 
—further examination likewise proved normally function- 
ating ears—but in the median axis (back) was hardly heard 
at 110 cm, and I do this because the case is more demon- 
strative of what I mean to show. A distance of 110 cm is 
quite far from the normal limit of perception for the watch, 
and any difference between monotical and binotical hearing 
could have manifested itself all the more plainly. 


1. LVormal hearing. Watch on both sides at 6 metres. In the 
prolonged median axis (back), 110 cm, whether monotically or 
binotically. 

2. Otitis ext. circ. lat. d., almost recovered from. Watch, right, 
at 4 metres; left, at 6 metres. In the prolonged median axis 
(back) with occluded left ear, at 60 cm ; with occluded right ear, at 
6 metres. 

3. Right, accum. cer.; left, cat. chr. Right, watch at 10 cm; 
left, at 50 cm. In the prolonged median axis (back), at 12 cm. 

4. Myring. ac. lat.d. Right, watch at 30 cm ; left, at 6 metres. 
In the prolonged median axis (back) with occluded left ear, at 15 
cm ; with occluded and open right ear, each time at 2 metres. 
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5. Cat. ac. bil, Watch on either side at 32 cm. In the pro- 
longed median axis (back), 0; displaced towards the right or left, 
each at 7 cm. 

6. Cat. chr. bil. Right, watch at 50cm; left, at 35 cm. Inthe 
prolonged median axis (back) with one occluded ear, only close 
to the occiput ; binotically, at 20 cm. 

7. Cat. chr. bil. Right, watch at 100 cm; left, at 24 cm. In 
the prolonged median axis (back), at 40 cm ; displaced towards 
the right, at 100 cm. 

8. Cat. chr. bil. Right, watch at 120 cm; left, at 45 cm. In 
the prolonged median axis (back), at 50 cm ; displaced towards 
the right, at 100 cm ; towards the left, at 30 cm. 

9. Left, tymp. pur. ac.; right, cat. chr. Left, watch at 10 cm ; 
right, at 60 cm. In the median axis (back), at 7 cm; displaced 
towards the right, at 20 cm. 

10. Left, tymp. pur. ac.; right, cat. chr. Left, watch ad conch.; 
right, at 50 cm. In the median axis (back), close to the occiput ; 
displaced towards the right, at 20 cm. 

11. Zymp. pur. chr. lat. s. Left, watch at 20 cm ; right, at 180 
cm. In the median axis (back), at 70 cm, whether the left ear be 
occluded or not. 

12. Zymp. pur. chr. bil, Right, watch at 85 cm ; left, at 1 cm. 
In the median axis (back), at 30 cm. 

13. Left, tymp. pur. chr.; right, cat. chr. Left, watch at 4 cm ; 
right, at 40 cm. In the median axis (back), o ; displaced towards 
the right, at 7 cm. 

14. Affectio acust. bil. d. Right, watch at 10 cm; left, at 230 
cm. In the median axis (back), at 55 cm. 

15. Affectio acust. bil, On either side, watch at 130 cm. Inthe 
median axis (back), at 50 cm ; displaced towards the right or left 
(the opposite ear occluded), each at 80 cm. 


I should like to add a few general remarks on the per- 
ception of the ticking of the watch in the ideally prolonged 
median axis, and in the ideally prolonged vertical axis—that 
is, backwards and upwards. As above stated, in the great 
majority of cases, the watch is heard by persons with nor- 
mal hearing at the same distance from the back as in the 
direction of the auditory axis. That this is the case also in 
hearing from above I could only surmise, as I could not 
bring the sounding body to the required height of 6 metres, 





Comparative Tests of Hearing. 311 


to the ceiling of the room; but the watch, incidentally held 
2 metres high, was still heard very well. I believe this all 
the more firmly because, in cases of reduced perception for 
the watch, the latter is heard from above not rarely at a 
greater distance than from behind. It has also been noticed 
that, where perception through air-conduction in the pro- 
longed auditory axis was reduced to from 10-20 cm, the 
watch was not heard from behind; unless it was displaced 
towards the right or left, when it was possibly perceived at 
a distance of a few centimetres. 

In all cases with reduced auditory perception for the 
watch in which the latter was still heard through air-con- 
duction at a distance of more than 30 cm, the same sound- 
ing body was perceived from behind at a much shorter 
distance only, no matter what was the nature of the ear 
affection. But it was unmistakable that the difference be- 
tween sound perception in the direction of the auditory axis 
and that in the direction of the median and vertical axes 
was greater in all cases suffering from affections of the 
sound-conducting than in those with diseases of the sound- 
perceiving apparatus. In the former, the hearing distance 
in the median and vertical axes was barely the fifth part— 
expressed in centimetres—of that in which the watch was 
heard in the same case in the direction of the auditory axis. 

Between the aérial conductivity for the watch in height 
and in the ideally prolonged median axis, there were found 
—leaving out of consideration the cases with normal hearing 
—29 times larger differences: 18 times in favor of hearing 
from above, II times in favor of hearing in the median axis 
(back), while the several forms of auditory affections did not 
present any pronounced character in one or the other sense. 
The perception of the watch from above exceeded that in 
the median axis also in so far that the former, as opposed 
to the latter, could be accorded an advance up to 80 cm; 
where, however, the opposite relation existed, the advance 
at most reached 40 cm. In order to arrive at a definite 
opinion on this point, more numerous experiments would 
have to be made than I was able to try, owing to the con- 
siderable time required by comparative hearing tests. 
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Before leaving this chapter, I shall make mention of an 
observation which appears to me interesting enough to be 
recorded. Inacase of chronic catarrh of the middle ear, 
with greatly reduced aérial conductivity for the watch, the 
following phenomenon was of regular occurrence. The 
watch was heard on either side at I cm. When, however, 
the watch was held at this distance for some length of time 
in front of one ear, and then brought to the other, the pa- 
tient heard the watch there for a while at 16 cm, though 
the ear which had been acted upon by the sounding body 
showed no improvement in hearing. This phenomenon 
could be evoked whether it was the right or the left ear 
which was exposed to the sounding body: the perception 
for the watch on the opposite side always rose temporarily’ 
to the height stated, and remained as constantly unimproved 
on the side exercised. This experiment, repeated several 
times under the strictest precautions, always gave the same 
result; only at last—probably owing to fatigue of the 
acoustic nerve—the watch, after having acted for some time 
on one ear, was heard with the other at the shorter distance 
of 10 cm. The possibility of deception is absolutely ex- 
cluded, and I feel fully convinced of the truth of these state- 
ments on account of numerous other tests made with the 
same person. 

The fact that the function of one acoustic nerve, when 
raised by auditory impulses conducted to one ear, may be 
associated with improved hearing on the other side, is suffi- 
ciently known through Urbantschitsch’s paper.’ But at- 
tention has been called in another place’ to the circumstance 
that the improved hearing on the side opposite to that 
which has been exercised is on the average slighter in pro- 
portion as the perceptive power is less previous to the ex- 
ercise; and that subjective auditory perceptions usually 
exert a retarding influence on the increase, in the above- 
described manner, of the auditory perception—two factors 
which fully concurred in this instance. And still the im- 
provement in audition—15 cm—was relatively quite consid- 





1 Fliger’s Arch. f. die gesammte Phys., xxx., pp. 129 et seq. 
' * Zeitschr. f. Ohrenheilk., xii., pp. 258 et seq. 
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erable. But the very brief duration of the increased per- 
ception which was obtained in our case also deviated from 
the normal, and therefore deserves to be specially empha- 
sized. 

Let us now turn to the discussion of the results obtained 
with reference to the perception of whispering in the vari- 
ous anomalies of the organ of hearing. As regards the re- 
lations of the normal ear in this respect I need not waste 
words. The mode of examination has also been explained 
in sufficient detail on preceding pages. I wish to add merely 
that, though the perception for whispering could be tested 
only to the distance of six metres, for the reasons stated in 
the introduction, this could be extended to twelve and 
eighteen metres under special favorable conditions. But 
even where larger rooms were not available for this purpose 
at the time, I could conclude at least with great probability 
that the normal hearing distance for whispering was pres- 
ent, from the facility and rapidity with which the whispered 
words were understood and repeated at the distance stated. 

The words used in testing the hearing by means of whis- 
pering were monosyllabic, disyllabic, and polysyllabic, and 
at each session a group of words was used in which the 
vowels, diphthongs, and most consonants were represented. 
The different numerals likewise figured among the most 
frequently employed words. The words regularly employed 
were: Garten, Farbe, Bach, Fenster, Himmel, Tinte, Tisch, 
Licht, Ofen, Locomotive, Hut, Uhr, Blau, Gasleitung, Wiese, 
4, 6, 13, 16, 17, 24, 30. It is hardly necessary to state that, 
when the test was repeated, especially at one session, the 
order of the words varied, lest the auditory perception be 
charged with what might have been simply a matter of 
memory. I generally used a slightly accentuated whisper, 
and employed a more accentuated one only when the for- 
mer was not understood. In special cases, in which a cor- 
rect estimation of the perceptive power for whispering was 
more difficult, the number of words was increased by sev- 
eral not here enumerated. 

In this connection I shall report at greater length a note- 
worthy fact. The case was an otitis ext. circ. in the stage 
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of convalescence. When the morbid process was at its 
height, the patient heard with the affected (left) organ only 
loud speech near the ear. Of whispered words the patient 
did not understand a single one, not even close to the af- 
fected ear. The otitis externa meanwhile improved, but 
subsequently a slight relapse occurred, during which whisper- 
ing was partially understood at a distance of fifteen metres, 
the normal ear, of course, being closed as much as possible. 
Then a phase suddenly occurred in which the patient was 
unable to repeat any one of the words which she had un- 
derstood with facility before. Then followed another peri- 
od in which even the words which at first were not perceived 
caused no difficulty, to my great surprise. These phases of 
‘ better and worse hearing alternated several times, and the 
patient volunteered the, as it were, explanatory remark, that 
violent tinnitus alternated in the affected ear with periods 
of moderate quiet; that she heard badly during the former, 
and comparatively well during the latter. In my notes 
I find it specially emphasized that the healthy ear remained 
equally well occluded in the course of the entire session. 

As a matter of course, in diseases of the sound-conduct- 
ing apparatus, the perception for whispering proved re- 
duced or completely extinct according to the degree of the 
morbid process, whatever its nature. But it was mainly 
the pathological processes running their course in the 
middle ear, which interfered largely with the hearing power 
for speech. The morbid alterations of the external audi- 
tory meatus caused this only when the canal was com- 
pletely closed by, perhaps, a furuncular inflammation or a 
plug of cerumen. In diseases of the sound-perceiving 
apparatus, unless they were too far advanced or complicated 
with pronounced symptoms of chronic catarrh of the middle 
ear, the hearing power for whispering, in my cases, re- 
mained for a long time in a relatively favorable condition 
when the perception for other sounding bodies was already 
much reduced. 

As arule, in my cases, wherever the perception for the 
watch was greatly reduced (to from 1-3 cm), and associated 
with pronounced symptoms of chronic catarrh of the 
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middle ear, the perception for whispering likewise was 
either greatly diminished, so as to be understood only close 
to the ear, or else altogether extinct. 

That disproportions exist frequently enough between the 
hearing power for the watch and that for whispering is 
a well-known fact, and has also been manifested not rarely 
in cases more closely investigated by myself. 

Finally, I shall add some remarks on the mutual relation 
of the perception for different sounding bodies. In this 
connection it may be stated that an evident incongruity in 
the perception for various sounding bodies was much more 
frequently manifested when the hearing distance for the 
watch was at least 10 cm and more. 

The discussion of the results obtained from the 
examination by means of the tuning-fork represents 
probably the most important part of this paper, but 
is at the same time of a very delicate nature. In this 
mode of examination we are more particularly dependent 
on the intelligence, truthfulness, and correct judgment of 
the persons tested. We have not always at our command 
sufficient means of verification to enable us to test the cor- 
rectness of the statements in doubtful instances, and to 
distinguish imaginary auditory perceptions, based on errone- 
ous conclusions, from veritable ones. For nearly every 
otologist can almost daily convince himself that patients 
with middle-ear affections relegate the perception of the 
tuning-fork tones through the cranial bones into the healthy 
or relatively better ear, because they cannot conceive the 
idea that the deafer auditory organ perceives the tuning- 
fork tones through bone-conduction better than the rela- 
tively healthy ear. 

The uxzform striking of the tuning-fork likewise meets at 
first no little difficulty. Later I had a tuning-fork provided 
with an arrangement by which it is always put into the 
same vibration; I shall revert to this hereafter. But I had 
formerly convinced myself, by numerous parallel experi- 
ments, that with some practice it is possible to effect the 
vibration of the tuning-fork by an equable force. The fork 
was always struck against the same substance of hard wood. 











































316 A. Extelberg. 


The precautions which I had taken in recording the per- 
ceptive power for the watch and whispering were not 
relaxed in these tests, but, if any thing, were increased. 

In the following it will be unavoidable, as it has been in 
the preceding pages, to repeat some things which have 
been long known and often stated. This should be par- 
doned in view of the object of this paper, which aims to 
bring forward a systematic comparison of a number of 
hearing tests. 

In a large number of cases, besides the tuning-forks 
a and é, f-sharp was used in the examination. But as every 
sitting anyhow consumed a good deal of time (on the 
average one hour and a half), and as in my cases no 
striking differences were observed on testing with all the 
- tuning-forks mentioned, I restricted myself subsequently to 
forks a and ¢ in the cases examined at the policlinic, and to 
a and f-sharp in those tested in my office. . 

As heretofore, I commence with the results obtained in 
persons with normal hearing. 

All the tuning-forks employed were perceived equally 
well from the vertex, forehead, occiput, and teeth. Equally 
harmonious were. the statements regarding the perception 
of tuning-fork tones from the mastoid process, both nearer 
to and farther removed from the attachment of the auricle, 
and in front of the tragus. The corresponding ear always 
received a much more pronounced tone-impression than the 
opposite one, where the perception may be reduced to a 
minimum. The result was similar when the vibrating 
tuning-fork was applied to the temple and the parietal 
bone; but from these points the tone is heard in the oppo- 
site ear relatively louder than from the mastoid process and 
in front of the tragus. Once only were the tuning-fork 
tones heard equally well with both ears from the temple 
and the parietal bone, a difference between the correspond- 
ing and the opposite ear being perceived only from the 
mastoid process and in front of the tragus. 

Tuning-fork tones were heard loudest from the teeth and 
mastoid process (immediately behind the auricle); relatively 
faintest, it seems, from the vertex. A young man of musi- 
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cal education, a pupil of the Vienna Conservatory, who 
imagined he had a slight weakening of his hearing power, 
from a dread which can be readily understood, was willing 
to vouch for the following order of loudness: teeth, mas- 
toid process (near), tragus, mastoid process (farther from 
the attachment of the auricle), occiput; then forehead, 
temple, and parietal bone, which were said to be equivalent, 
and finally the vertex. A young lady, also of good musical 
education, who had suffered for several years from bilateral 
catarrh of the middle ear, could hardly bear the tuning-fork 
tones from the mastoid process (near); they were positively 
painful to her from that point. In other respects, the 
order of intensity of the tuning-fork tones from the differ- 
ent parts of the skull, as given by this patient, agreed with 
the former. 


This patient, morever, presented the phenomenon of crossed 
perception. She heard the vibrating tuning-forks @ and /-sharp 
equally well on both sides from the teeth and the occiput ; better 
on the right from the vertex and forehead ; very well in the corre- 
sponding ear from the mastoid process and in front of the tragus, 
but only faintly on the opposite side; on the opposite side ex- 
clusively from the temple and the parietal bone. The watch was 
heard equally well on both sides from the vertex, forehead, teeth, 
and occiput (most faintly from the latter); only in the corre- 
sponding ear from the temple, parietal bone, mastoid process, and 
in front of the tragus. The experiment was repeated ; the re- 
liability of the statements is beyond doubt. 


On comparing the duration of perception of the tuning- 
fork tones from the different points of the cranial bones 
with the above orders of sequence, we find no absolute pro- 
portionality ; for in all cases observed by me the tuning- 
fork was heard a much shorter time from the teeth than 
from the mastoid process (near) or in front of the tragus. 
This is evident from the case cited at the commencement of 
this paper as a paradigm of normal hearing, in which the 
vibrating tuning-fork was heard for 32 seconds from the 
mastoid process, but only 15 seconds from the teeth. In 
the above-cited two cases, the tuning-fork was likewise 
heard from the teeth and mastoid process, in the one case, 
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respectively for 15 and 32 seconds; in the other case, where 
there was chronic catarrh of the middle ear, for 4 and 17 
seconds respectively. On the other points of the cranial 
bones, duration and intensity of perception usually corre- 
spond more or less. 

This variation in the duration of perception according to 
the application of the vibrating tuning-fork to one or 
another point of the cranial bones frequently manifested 
itself also in disease, especially of the sound-conducting 
apparatus, in so far that in many cases Rinné’s experiment 
resulted positive whenever the bone-conduction was tested 
from the vertex, but negative when tested from the mas- 
toid process. When tested for bone-conduction from the 
latter point, and then—the tuning-fork being struck with 
equal force—for air-conduction, many patients with pro- 
nounced affections of the middle ear were not able to state 
positively whether they heard the tuning-fork tone better 
through bone- or air-conduction. It is barely necessary to 
add that I mean persons in whom the disease of the sound- 
conducting apparatus had not reached a very high degree, 
whose auditory organ, therefore, still possessed a pretty 
good air-conducting power. 

From the statements made above, itis readily understood 
that Rinné’s experiment frequently results positive in test- 
ing from the teeth and negative from the mastoid process, 
although the tuning-fork tones are not rarely heard from 
the former with the same or even greater intensity as from 
the latter. 

On the other hand, even in indubitable affections of the 
sound-perceiving apparatus, bone-conduction was propor- 
tionately better when tested from the points whence the 
vibrating tuning-fork is usually heard the longest. The 
teeth alone formed an exception in this respect. 

I abstain from a detailed discussion of the tuning-fork test 
in diseases of the middle ear of a catarrhal or purulent nature. 

A few case reports, however, together with the results of 
the tests, may here be outlined, since they will furnish at 
the same time the basis for some further remarks. I select 
the cases from the most various types of ear disease. 
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CasE I.—Right, tymp. pur. ac.; left, tymp. pur. chr. Theresia 
Ell., aged twenty, had passed through an attack of scarlet-fever in 
1872, since which time she has suffered from left-sided purulent 
otitis media, with total destruction of the JZ¢. Ossicles not visi- 
ble ; the depression of the fenestra ovalis very plain. In August, 
1885, probably owing to taking cold after a warm bath, the patient 
felt a violent pain in the right ear, which in the following days 
became almost unbearable, implicated the whole head, and was 
associated with rise of temperature and nausea. In this condition 
the patient came into my service. The /¢ showed a sac-like 
protrusion in its posterior upper segment. Paracentesis was im- 
mediately performed, and, as was to be expected, evacuated a 
considerable amount of pus. At the end of this treatment the 
patient felt greatly relieved, but her axillary temperature was still 
38.5°. (Before the operation the temperature could not be taken, 
as the patient moaned all the time, nearly fainted, and even vom- 
ited soon after her arrival.) The vibrating tuning-fork /-sharp 
was heard each time only at the point of application. The watch 
was not perceived anywhere from the vertex and occiput ; heard 
only at the point of application from the teeth, both mastoid pro- 
cesses, and in front of each tragus. The watch—right, at 1 cm 
left, ad conch. Understands loud speech after the operation, 
which was impossible before. 

The pains having nearly ceased after several days’ use of potas- 
sium iodide and appropriate local treatment, and the fever having 
disappeared, a more thorough hearing test was made. The result 
was: The vibrating tuning-fork /-sharp is heard only at the point 
of application from vertex, forehead, occiput, teeth, temple, and 
parietal bone ; in the corresponding ear from the mastoid process 
(near and farther removed) and in front of each tragus. The 
same tuning-fork is perceived: In front of the right tragus, 7 
seconds ; in front of the left tragus, 10 seconds; from the right 
mastoid process (near), ro seconds ; from the left mastoid process 
(near), 5-6 seconds ; from the right mastoid process (farther re- 
moved), 7 seconds; from the left mastoid process (farther 
removed), 6-7 seconds ; at the right temple, 3 seconds; at the 
left temple, 5 seconds; at the right and left parietal bone, fore- 
head, occiput, and teeth, each 3 seconds ; at the root of the nose, 
6 seconds; on the vertex, 3-4 seconds ; then through air-conduc- 
tion, right, for further 4 seconds—left, o. Direct through air- 
conduction, right, 8 seconds—left, 3 seconds. 
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Tuning-fork f-sharp is heard better on the right through air- 
conduction ; on the left through bone-conduction. The same re- 
sults were obtained by testing with tuning-fork a, only the duration 
of perception at the several points of application was not taken. 

Tuning-fork f-sharp heard on the right at a distance of 20 cm 
for 2 seconds (at a distance of 2 cm for 15 seconds) ; tuning-fork 
a is heard at first on both sides at a distance of 5 cm each for 1 
second ; later, on the left only at 1 cm (and not invariably), like- 
wise for 1 second. . 

The watch is heard, not at all from the teeth, forehead, occiput, 
vertex, both parietal bones, right temple, right mastoid process, 
and in front of the right tragus ; only in the left ear (and not in- 
variably) from the left temple, left mastoid process, and in front 
of the left tragus. Right, at 1 cm, left, at 2 cm. From behind 
and above, o. 

On both sides only loud speech at about 5 cm. Sound of whis- 
pering (though not a single word could be repeated) perceived as 
such—right, at 4 cm ; left, at 35 cm. . 

Nine days later, when the secretion had greatly diminished and 
the headache appeared only at rare intervals, her hearing was ex- 
amined again. I append the result, in so far as it differs from the 
preceding. Tuning-fork f-sharp is heard in front of the right 
tragus for 13 seconds, in front of the left tragus for 9 seconds ; 
from the right mastoid process (near) for 13 seconds; from the 
left mastoid process (near) for 9 seconds ; from the right mastoid 
process (farther removed), 10 seconds ; from the left mastoid process 
(farther removed), 5 seconds ; from the right and left temple, each 
for 9 seconds; from the right and left parietal bone, each for 9 
seconds ; from the forehead and root of the nose, each for 8 seconds ; 
from the occiput and teeth, each for 6 seconds ; from the vertex, 
7-10 seconds ; then through air-conduction—right, for (further) 
5-7 seconds ; left, o; directly through air conduction—right, for 
14 seconds; left, for 8 seconds. 

Tuning-fork /-sharp, right, at 6 metres for 1 second (at a distance 
of 60 cm for 4 seconds, at 15 cm for 10 seconds) ; left, at 20 cm 
for 1 second (at 6 cm for 4 seconds); tuning-fork a, right, at 6 
metres ; left, at 30 cm. 

The watch is heard, not at all from the vertex and occiput ; 
only at the point of applicatiom, from the forehead, teeth, and each 
parietal bone ; in the corresponding ear, from the temple, mastoid 
process, and in front of the tragus. Right, at 8 cm; left, at 20 cm. 
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From behind (directly in the prolonged median axis), o ; displaced 
towards the right, at 2 cm, towards the left, at 5 cm; from 
above, o. ° 

Right, ordinary voice at 50 cm; left, close to the ear. Whisper- 
ing perceived—right, at 6 metres; left, at 20 cm. 

When the inflammatory process had run its course, after addi- 
tional two weeks, and the J/¢ had cicatrized linearly at the point 
of incision, the hearing was tested the third time, with the follow- 
ing result : The vibrating tuning-fork f-sharp is perceived, in front" 
of the right tragus, 16-17 seconds; in front of the left tragus, 
13-15 seconds; from the right mastoid process (near), 12-14 
seconds ; from the left mastoid process (near), 8-10 seconds ; from 
the right mastoid process (farther removed), 12 seconds; from the 
left mastoid process (farther removed), 9 seconds ; from the right 
and left temple, each 11 seconds ; from the occiput, 4-5 seconds ; 
from the teeth, 5 seconds ; from the vertex, 8 seconds; then 
through air-conduction, right, for (further) 7 seconds—left, o; 
directly through air-conduction, right, 22 seconds—left, 7 seconds. 

Tuning-fork /-sharp is heard, right, at 6 metres for 2-3 seconds 
(at 90 cm for 3 seconds, at 40 cm for 3-4 seconds, at 22 cm for 7 
seconds, at 17 cm for 10 seconds, at 3 cm for 13 seconds) ; left, at 
6 metres for 2-3 seconds (at 17 and 8 cm each for 3 seconds, at 
3 cm for 6 seconds)—tuning-fork a, right, at 6 metres; left, at 
75 cm. 

The watch is perceived on both sides, but better on the right, 
from the vertex, forehead, and teeth; not at all from the occiput ; 
only in the corresponding ear, from the temple, parietal bone, and 
mastoid process, right, at 30 cm—left, at 7 cm, whether the opposite 
ear was occluded or left free. From behind (in the median axis, 
0), displaced towards the right, at 11 cm—towards the left, at 5 
cm ; from above (in the median line, 0), displaced towards the 
right, at 30 cm—towards the left, at 6 cm. 

Whispered words, right, at 6 metres ; left, close by. The whis- 
per as such is perceived, left, at 10 cm in the direction of the 
auditory axis ; loud speech correctly understood from behind, at 
a distance of 40 cm (of course, the right ear being carefully 
closed). 


(Seven other cases omitted in the translation.) 

This paper would swell to the dimensions of a thick mono- 
graph, were I to report all the results of the examination as 
fully as has been done in these few cases. 
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In by far the greatest majority of cases, as above stated, 
the tuning-fork tones were heard most distinctly from the 
mastoid process and from in front of the tragus, even 
in severe peripheral disease of the organ of hearing in 
which the perception for all sounding bodies through air- 
conduction was much diminished ; but now and then those 
tones were perceived best from the forehead through bone- 
conduction. In persons of advanced age—about seventy 
years—the perception through bone-conduction for tuning- 
fork tones, as is well known, was greatly reduced; they 
were heard either in the ear, though faintly, or only at the 
point of application; still the examination left no doubt 
that we had to deal mazn/y with an affection of the sound- 
conducting apparatus. For that the inner ear could not 
remain exempt from the natural consequences of advancing 
age had to be accepted as a physiological fact. 

As regards Rinné’s experiment, my investigations enable 
me to confirm the view maintained by Politzer and recently 
by Schwabach, that it by no means has the differential 
diagnostic importance in diseases of the sound-conducting 
and perceiving apparatus which has been claimed for it by 
others. Not alone, as Schwabach likewise points out, does 
Rinné’s experiment result sometimes positive, sometimes 
negative in the same case, if different tuning-forks are 
employed, but varying results are not rarely obtained even 
with the same tuning-fork applied to one or another part of 
the skull, and then, as soon as it has become inaudible, 
brought in front of the ear. 

Schwabach’s statement,’ that “the test of the duration of 
perception for the vibrating tuning-fork applied to the 
vertex is to be considered a valuable auxiliary in the differ- 
ential diagnosis between affections of the sound-conducting 
and perceiving apparatus,” I should like to leave an open 
question for the present, although I cannot deny that I met 
with a number of cases in which the duration of perception 
through bone-conduction for tuning-fork tones was rather 
reduced, and still disease of the sound-perceiving apparatus 
could be almost positively excluded. It is true, in many 
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cases the method of examination recommended by Schwa- 
bach fully coincided with the results of other tests, and 
it would certainly be worth while to bring this question to 
a final decision on the strength of a large amount of care- 
fully sifted material. In order to guard against being mis- 
understood, I must specially emphasize that even Schwa- 
bach himself speaks of this method of examination as 
merely a noteworthy aid in diagnosis, but that its results 
are not to be considered a means of distinction between 
peripheral and central affections of the auditory organ 
reliable in all cases. 

The greater or less variation within a certain test-period 
is perhaps also not without some value in the differential 
diagnosis between diseases of the sound-conducting and 
perceiving apparatus. At least I was struck by the fact 
that the duration of perception varied with remarkable 
rapidity in some cases which had to be grouped among the 
affections of the acoustic nerve; while in cases of disease of 
the peripheral part exclusively it remained constant for a 
longer time, or showed only smaller variations. This phe- 
nomenon was observed not only in examining the duration 
of perception from the various parts of the skull, but also 
in determining the greatest hearing distance for tuning- 
fork tones and their duration of perception at larger or 
smaller distances. 

In this connection, however, I should like to discuss the 
following observation. 

It is a well-known fact that the vibrating tuning-fork, 
when it has died away at a certain distance where it was 
clearly perceived before, at once becomes again audible 
when it is brought closer to the ear. The explanation is 
simply that the funing-fork is heard longer in proportion as 
its distance from the ear is shorter. Hence it seemed 
natural to suppose that the relation of the duration of per- 
ception to the distance from the ear is capable of more 
exact determination. But it was quite a surprise to me to 
find that a difference of several metres had no determinable 
influence on the duration of perception. Whether the ex- 
periments were made with persons of normal hearing or 
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with pathological cases in which the tuning-fork was still 
perceived at a distance of 6 metres, the result was always 
the same, with the exception of one or two cases. Jn order 
to make sure of the matter, I requested a colleague of 
musical education to subject himself to the test : yet, how- 
ever frequently the experiment was repeated, I always 
obtained the same result. I then subjected myself to the 
experiment, having a colleague timing the duration of per- 
ception with a watch, without arriving at any different con- 
clusion. The only source of error which could be thought 
of was, that perhaps the tuning-fork was not always struck 
with the same force, or else that the tuning-fork was 
altogether too loud to permit a measurement in seconds of 
the difference in the duration of perception at a greater or 





























Fic. 1. (One half natural size.) 


less distance. The former supposition I thought I was 
entitled to consider groundless, since I had convinced my- 
self by repeated parallel experiments that I almost in- 
variably succeeded in a uniform striking of the tuning-fork, 
all the: more because not alone the force with which, but 
also the object against which, the tuning-fork was struck re- 
mained the same. I therefore instructed the instrument- 
maker Marconi,’ of this city, to whom I explained the pur- 
poses the instrument would have to serve, to devise a con- 
struction which would answer the fundamental require- 
ments: uniform striking and moderate intensity of the 
sound of the tuning-fork. This task, though not easy, he 
performed to my fullest satisfaction. 
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The tuning-fork é is made to vibrate by a hammer of soft rubber 
(see Fig. 1, a). This gives a tone of much less intensity than 
when the tuning-fork is struck against some very hard object. 
But in order to deliver the stroke with equal force each time, the 
following mechanism is affixed. The handle of the hammer is 
connected with a spiral spring, which can be depressed by a but- 
ton (4), so as to lift the hammer from the prong of the fork. In 
this position the hammer is kept for any length of time by a catch 
(c) fastened to a rod movable on a hinge. When the catch is de- 
pressed the hammer is set free and strikes against one of the 
prongs of the tuning-fork, which then begins to vibrate. The 
depression of the catch is always effected with the same force, 
hence the hammer strikes the prong uniformly and thus produces 
a tone of unvarying intensity. But as the harmonic still remained 
as a disturbing factor, the end of the prong where it is struck by 
the hammer was surrounded with a bit of rubber tubing, in ac- 
cordance with Urbantschitsch’s advice. And indeed, by this 
means the harmonic was greatly moderated, so that it no longer 
interfered with an exact examination. But inasmuch as it 
might be desirable now and then to strike the tuning-fork with 
greater force, I had the handle of the hammer attached by an adjust- 
ing-screw (@), which also allows of complete removal of the 
hammer. The hard-rubber handle with which the instrument is 
provided makes it very convenient to use. 


But the examinations with this instrument led to no 
other results than those obtained with the simple tuning- 
fork. For it was found that the tuning-fork tone, in all 
those cases in which it was heard at all at a distance of 6 
metres, was not perceived for a less space of time at this 
distance than at a shorter one. To be sure, the limit at 
which a longer duration of perception was recognizable, z. ¢., 
measurable in seconds, varies in different persons between 
75 and 150 cm, whether the cases were normal or pathologi- 
cal. In some cases a prolonged duration of perception can 
be demonstrated only when the vibrating tuning-fork is 
brought to within 50 cm of the ear. It happened much 
more rarely that the tuning-fork, vibrating at a distance of 
I metre or more from the ear of the person tested, showed 
an improvement in the duration of perception which could 
be expressed in seconds, as compared with the hearing of 
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the tuning-fork tone at a greater distance. Within the 
average limit of I metre, the duration of perception in- 
creases with the diminution of the distance, but not to such 
an extent as to enable me to express the inverse proportion 
between distance and duration of perception in a formula 
valid for all cases. 

The hearing distance for tuning-fork tones in the various 
diseases of the ear will be considered in the concluding 
paragraphs. Where an exact diagnosis is desirable, espe- 
cially in a case which requires a correct differential diagnosis 
between disease of the peripheral and central auditory 
apparatus, it will be wise to take the results of this test also 
into consideration, without ascribing to it a decisive 
character. Were I to express my opinion on thts point frankly, 
on the strength of my experience, I should say that none of the 
methods of examination thus far in use can alone decide the 
question whether the sound-conducting or perceiving apparatus 
ts chiefly or exclusively affected, and that we can form a cor- 
rect idea of the case under consideration only after the most 
careful estimation of all the particulars obtained from the his- 
tory and the tests. 

(A synopsis of the one hundred cases in tabular arrange- 
ment, here following, has been omitted in the translation.) 

A comparative synopsis of all these one hundred cases 
teaches us, in the first place, that the watch can be used 
only in one direction asa reliable means of measuring the 
acuteness of hearing: namely, when the ticking of the 
watch was perceived at or near the normal distance, no de- 
fect of hearing was noticeable as regards the understanding 
of whispering and the perception of the tuning-fork tones 
through bone- or air-conduction. Where the perception for 
the watch through air-conduction is greatly reduced or en- 
tirely absent, the estimation of the hearing power still 
present is already a matter of great difficulty, since such 
cases understand whispering in closest proximity, or half- 
loud or loud speech, or else there is absolute deafness for 
speech. Outside of these two extreme limits, the hearing 
distance for the watch offers no reliable basis from which to 
conclude with tolerable certainty as to the understanding 
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of speech. It is true, where my watch was heard at a dis- 
tance of more than one metre, most patients could still 
understand whispering pretty well at 6 metres. Exception- 
ally, however, this was also the case when my watch was 
perceived only at, say 10cm. Nay, in some cases in which 
the hearing distance for the watch was alike on both sides, 
there existed a remarkable difference for the perception of 
whispering between the two auditory organs. Thus, to cite 
but two instances, in Case 47 of the table the watch was 
heard on both sides respectively at 32 cm, while whispering 
was understood on the right side at I metre “ pretty 
well”; on the left, at 3 metres. In Case 87 of the 
table, the disproportion between watch and speech is still 
more striking. While the watch was heard on either side at 
35 cm, the patient understood whispering on the right side 
only at a distance of 25 cm, but on the left side “ pretty 
well” at 6 metres. 

Although unwilling to dispense with the watch as an 
acumeter—for the reason, among others, that it can be used 
as such at all times and under all conditions, and is apt to 
enlighten us most quickly as to the results of many a thera- 
peutical manipulation—I must still, on the basis of the com- 
parative results, fully coincide with Bezold,* who enumerates 
good grounds for the insufficiency of the watch as a uniform 
acumeter. 

In our table, under the head of “ Hearing distance for 
whispering,” we frequently find a notable difference between 
the hearing distance for numbers and that for other words, 
in favor of the former. In some cases this difference 
amounts to no less than 6 metres. Therefore, as has been _ 
pointed out by other writers, wherever an exact hearing 
test is intended, we must not confine ourselves to numbers 
alone, but employ also other words in examining the hear- 
ing for the perception of speech. With reference to the 
hearing distance for whzspered sounds compared with that 
for whispered speech, or half-loud and loud speech, no gener- 
ally applicable law can be formulated. 

A few words remain to be added regarding the hearing 
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distance for different tuning-fork tones in the manifold 
affections of the auditory organ. The tuning-forks em- 
ployed were one of medium size ¢, or fsharp, and a small 
one, a. When vibrating, either one is heard normally be- 
yond 6 metres, tuning-fork ¢ even to a distance of 18 
metres. An interesting fact is, that some of the persons 
tested, both with normal and with diseased ears, assured 
me that they heard the tuning-fork tone better whenever 
the source of sound was at the end of the room, that is, 
near a wall, than from a smaller distance about the middle 
of the room. Possibly the sound waves reflected from the 
wall contribute toward the increased perception. 

In general, the hearing distance for tuning-fork tones 
bears an equal relation to that for the ticking of the watch 
and whispering. This manifested itself at all times quite 
clearly with the small tuning-fork a, which was barely per- 
ceived at 1-2 cm where the hearing for speech and watch 
was greatly reduced. For the medium-sized tuning-fork ¢, 
the limit of audition is very variable under equal conditions ; 
but this tuning-fork, too, was perceived at the small distance 
of 20-30 cm and less in cases of serious disease of the sound- 
conducting apparatus. When the vibrating tuning-fork ¢, in 
cases of considerably reduced hearing for other tests, was 
still perceived at a relatively great distance—of about 3-4 
metres—the duration of perception (1-2 seconds) at least 
was much diminished as compared with the normal duration 
of perception of from 10-15 seconds. The only exception 
in this respect seemed to be formed by uncomplicated affec- 
tions of the acoustic nerve, in which hearing distance and 
_ duration of perception for the tuning-fork ¢ proved much 
better than would be expected from the diminished hearing 
power for whispering and watch. In this respect, however, 
I cannot refer to a large number of cases. The hearing 
distance for the vibrating tuning-fork a exhibited no such 
variations. 

A typical affection of the acoustic nerve of this nature is 
represented, in my opinion, by Case 8, reported at greater 
length (not translated). Drumheads, naso-pharyngeal space, 
and drum cavities showed nothing pathological. Duration 





Comparative Tests of Hearing. 329 


of perception for tuning-fork tones from various points of 
the skull considerably diminished. Air-conduction much 
better than bone-conduction ; the latter entirely absent for 
the watch, despite the youthful age of the patient. The 
comprehension of whispering greatly reduced, but the sound 
of whispering still perceptible at 6 metres. Disproportion- 
ately great hearing distance for the tuning-fork ¢, and at 
times relatively too long duration of perception, together 
with remarkable. variations of it. General condition: ane- 
mia and frequent headache. 

In other cases, the symptoms of the diseases of the 
sound-conducting and perceiving apparatus are intermingled, 
and only a careful weighing of the pvo and contra, continued 
observation, and repeated hearing tests, and finally, also, it 
may be, the result of the treatment instituted, will enable 
us to form a positive opinion of the case. 





ON BONE-CONDUCTION OF SOUND, AND THE 
VALUE OF RINNE’S TEST IN THE DIAGNOSIS 
OF DISEASE OF THE NERVOUS STRUCTURES 
OF THE EAR.* 


By THOMAS BARR, M.D., 


SURGEON TO GLASGOW HOSPITAL FOR DISEASES OF THE EAR; LECTURER ON AURAL SURGERY, 
ANDERSON’S COLLEGE, GLASGOW, ETC. 


HE significance of disturbance in the relation between 
the bone-conduction and the air-conduction of sound 
has been recently much discussed by different writers in 
these ARCHIVES. There is still need for more clinical obser- 
- vations, in order that this method of testing the state of the 
nervous apparatus of the ear may take a more precise posi- 
tion as a diagnostic agent. The present paper is intended 
to be simply a contribution to the clinical facts on this 
somewhat obscure subject, but does not aim at offering any 
new hypothesis or explanation of the nature of the process 
of bone-conduction of sound. 
_In order to aid in the elucidation of this subject, I have 
tested the state of the bone-conduction very carefully, and 
recorded the results in one hundred persons who suffered 
from ear disease, as they consecutively presented themselves 
for treatment. Rinné’s test was employed in every case. 
This test consists, as is well known, in applying a vibrating 
tuning-fork (c. with clamps) with moderate pressure to the 
surface over the mastoid process, and, after holding it in 
that position until the sound has completely died away, 
transferring it rapidly to the air opposite to, but so as not to 
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touch, the orifice of the ear. If the note of the tuning-fork 
again becomes audible, with the prongs in the latter posi- 
tion, the air-conduction of sound is said to predominate over 
the bone-conduction (the condition in normal hearing). 
When, on the contrary, the sound of the tuning-fork is in- 
audible after its transference from the mastoid process to 
the air, the bone-conduction is then said to predominate 
over the air-conduction, 

For the sake of brevity and convenience, we shall employ 
the initial letters B.-C. for bone-conduction of sound, and 
A.-C. for air-conduction of sound. 

The diagnostic value of Rinné’s test has been estimated 
very differently by different observers. By such observers 
as Lucae, Dennert, Jacobson, and Brunner, it is held that 
when, by this test, the B.-C. is found to predominate over 
the A.-C. in any given case, we are justified in inferring 
that the obstacle to hearing exists in the parts of the ear 
external to the labyrinth,—that is, in the conducting appara- 
tus ; and that when, on the contrary, the A.-C. is found to 
predominate over the B.-C., we may, according to these 
writers, infer that the labyrinth or nervous apparatus is the 
seat of the mischief. Politzer, on the other hand, believes 
that these inferences are frequently not warranted, and 
that, as a means of distinguishing disease of the nervous 
structures from disease of the conducting structures, this 
test has not the value of Weber’s test. He points out that 
in many ear affections of undoubtedly nervous origin 
the B.-C. is found to predominate over the A.-C. 

My 100 patients consisted of 65 males and 35 females, 
and their average age was 34.7, the youngest being 7 years, 
andthe eldest 76. They represented 170 diseased ears. In 
most of these cases, in addition to Rinné’s test I also made 
use of Weber's test and the test of the watch on the temple, 
so as to bring out further the state of the B.-C. The results 
are also compared with those obtained in the examination 
of the state of the bone-conduction in 100 boiler-makers.’ 





?See paper by the author on ‘‘ Enquiry into the Effects of Loud Sounds 
upon the Hearing of Boiler-makers and Others who Work amid Noisy Sur- 
roundings,” read before the Philosophical Society of Glasgow on 3d March, 
1886. 
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Rinné’s test applied to each of these 170 ears yielded the 
following results: In 107, or 63 % of the whole, the 
B.-C. predominated over the A.-C., while in 63, or 37 % 
of the whole, the A.C. predominatd. These results 
present a striking contrast to those obtained in the cases 
of 100 deaf boiler-makers, in whom only Io % showed pre- 
dominance of the B.-C., while 90 % showed predominance of 
the A.-C. 

Weber’s test was employed in each of these 100 patients, 
and 74 assured me that they heard the tuning-fork louder 
in the one ear than in the other when it was applied to 
the middle line of the head. Of these 74, 52, or 70%, heard 
it more intensely in the deaf or worse ear, and 22, or 30 %, 
heard it more intensely in the normal or better ear. 

A loud-ticking watch was pressed to the temple in each 
case. The watch is, of course, only suitable when the deaf- 
ness is very decided, otherwise it is heard by A.-C., as well 
as by B.-C., and this disturbs the result. It was thus re- 
garded as applicable only in those who did not hear the 
watch by A.-C. beyond two inches from the ear. These 
numbered 89 ears, and of these it was heard in 48 cases, or 
55 %, while it was not heard in 41 cases, or 45 % In the cases 
of the boiler-makers, in whom it was applicable in 133 ears, 
only 10, or about 8 %, heard the watch when placed on the 
temple, while 120, or 92%, did not hear it. It is interesting 
to note that the watch was not always heard on the temple 
in those cases where the B.-C. predominated by Rinné’s 
test. For in the 48 cases in which the tick of the watch was 
heard on the temple, in 8 A.-C. predominated over B.-C. ; 
while in the 41 cases in which the watch was not heard on 
the temple, 23 showed predominance of the B.-C. It is also 
interesting to note that the watch was sometimes inaudible 
on the temple of that side where, by Weber’s test, the tuning- 
fork was heard loudest ; in 13 cases this peculiarity existed. 

The relation of age to the state of the bone-conduction is 
an interesting and important point. It is well known that 
the intensity of B.-C. diminishes in advancing years. In my 
cases preponderance of B.-C. over A.-C. existed in 79 % of 
persons under 30 years of age; in 50 % of those between 30 
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and 50 years; and in 42 % of those over 50 years of age. In 
persons suffering from ear disease, therefore, B.-C. predom- 
inates over A.-C. in about twice as many patients under 30 
years, as in those over 50 years. 

But the most important object of our inquiry was to 
ascertain the relation of the B.-C. to the A.-C. in the various 
diseases which came under notice, so as to make a compari- 
son in this respect between one disease or group of diseases 
and another. 

These 170 diseased ears were made up of the ordinary 
classes of cases which come before us in practice. They 
may be conveniently divided into 4 classes. Ist. Exudative 
diseases of the middle ear; 2d. Dry diseases of the middle 
ear; 3d. Well-marked affections of the labyrinth or nerve 
structures ; and 4th, Ceruminous or inflammatory obstruc- 
tions in the external auditory canal. 

I.—EXUDATIVE DISEASES OF THE MIDDLE EAR. These . 
consisted of : : 

a. Suppurative diseases of the middle ear, including 
acute and chronic suppurative inflammation of middle 
ear, associated always with perforation or destruction 
of tympanic membrane, and frequently with granula- 
tion tissue or polypi. They also included those in which 
the secreting process had come to an end, leaving behind a 
permanent dry perforation. Fifty-four, or 32 % of the whole, 
belonged to this category. Their average age was 26 years; 
the youngest being 7 and the eldest 65. In all of these 
cases, with one exception, the B.-C. predominated over the 
A.-C. By Weber’s test 37 results were obtained, and of 
these the tuning-fork was heard loudest in the deafer ear in 
13 cases. The watch was applicabl: in 29 cases, being 
audible on the temple in 20, and not audible ing. In the 
20 ears in which the watch was heard on the temple, I9 
showed, by Rinné’s test, preponderance of B.-C. In every 
one of the 9 cases in which the watch was not heard on the 
temple, there was, by Rinné’s test, preponderance of the B.-C. 

b. Mucous catarrh and acute non-suppurative inflammation 
without perforation of the tympanic membrane. They 
numbered 13 cases. The average age of the persons affec- 
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ted being 33 years; the youngest 14, and the oldest 64. In 
9 the B.-C. predominated over the A.-C., and in 4 the A.-C. 
predominated over the B.-C. By Weber’s test there were 8 
results, the tuning-fork being heard louder on the deafer 
ear in every one. In every case the watch was heard when 
pressed on the temple. 

II.—The second class of cases consisted of so-called 
CHRONIC DRY CATARRH OF THE MIDDLE EAR without exu- 
dation and without perforation of the tympanic membrane 
—presenting great variety in the pathological conditions, 
including such alterations as thickening and condensation 
of the mucous membrane of the middle ear—adhesions 
and inspissated secretion in tympanic cavity — stiffening 
or rigidity of ossicula—thickenings, opacities, atrophies, 
and calcareous deposits in the tympanic membrane. 
This class numbered 53. The average age was 4I 
years; the youngest being 13, and the oldest 75. 
B.-C. predominated over A.-C. in 23, or 43 % of the 
whole, and A.-C. predominated over B.-C. in 30, or 57% of 
the whole. Weber’s test yielded 37 results, and of these 
25 heard the fork louder on the worse side, and 12 heard it 
louder on the better side. The watch was applicable in 26 
cases, and was audible on the temple in 10 cases, but not 
in 16. In the 10 cases,9g showed by Rinné’s test pre- 
ponderance of B.-C. over A.-C., and only 1 of A.-C. over B.- 
C. In the 16 where the watch was not heard on the temple, 
B.-C. predominated over A.-C. in 7 cases, while A.-C. pre- 
dominated in 9 cases. 

III.—The third class consisted of 15 cases of WELL-DE- 
FINED LABYRINTHINE DISEASES. The average age was 
47 years; youngest being 11, and eldest 68. B.-C. 
predominated over A.-C. in 3 cases, or 20 %, and A.- 
C. predominated over B.-C. in 12 cases, or 80 4%. 
Weber’s test yielded 8 results; 6 heard the fork most dis- 
tinctly on the worse side, and two on the better side. The 
watch was heard on the temple in 3 cases, but not in 11 
cases. In the 3 cases, 2 showed, by Rinné’s test, preponder- 
ance of B.-C. and 1 showed preponderance of A.-C. In the 
11 cases, B.-C., predominated in 3 cases, and A.-C. in 8 cases, 
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IV.—The fourth class of cases.were of the nature of OB- 
STRUCTIONS IN THE EXTERNAL AUDITORY CANAL. These 
consisted of : 

a. Twenty-five cases of ceruminous collections. The 
average age was 43 years; youngest 14, oldest 74. 
B.-C. predominated over A.-C. in 13, 52 % of the whole, 
and A.-C. predominated over B.-C. in 12 cases, 48 % 
of the whole. Weber’s test yielded 16 results, and in 
all the tuning-fork was heard better on the deafer side. The 
watch was applicable in 15 cases, and of these it was heard 
on the temple in 8 cases, while it was not heard in 7. 
In the 8 cases, 5 showed, by Rinné’s test, preponderance of 
B.-C. and 3 preponderance of A.-C. In the 7 cases where 
the watch was not heard on the temple, B.-C. predominated, 
by Rinné’s test, over A.-C. in 4 cases, while A.-C. prepon- 
derated in 3 cases. 

b. Ten cases of inflammatory obstructions (boils and ecze- 
matous thickening). Average age 29 years; youngest 20, 
eldest 48. B.-C. predominated over A.-C. in 6 cases (60 %) 
and A.-C. predominated over B.-C. in 4 cases (40 %). Web- 
er’s test yielded 5 results, of which 3 heard louder in worse 
ear, and 2 in better ear. The watch was heard in every case 
in which it was applicable—6 cases. In these 6 the B.-C. 
predominated over the A.-C. 

The following presents these various results in a more 
condensed and simple form : 

1. Of 170 diseased ears, taken consecutively as they oc- 
curred in practice, 63 % showed, by Rinné’s test, predomi- 
nance of the B.-C. over the A.-C., whereas the same test 
applied to 100 deaf boiler-makers, showed only 10% of pre- 
dominance of the B.-C. 

2. Of those who heard the tuning-fork louder in the one 
ear than in the other, when it was applied to the middle 
line of the head (Weber’s test), 70% heard it more loudly 
in the affected or worse ear. 

3. Of those who heard the watch by A.-C. only within 2 
inches of the ear, 55 % heard it when placed on the temple— 
this contrasted with 8 Z in the case of boiler-makers. 

4. The watch on the temple was not always heard when 















330 Thomas Barr. 


B.-C. predominated, by Rinné’s test, nor where Weber’s 
test showed greater intensity of the sound. 

5. B.-C. was much more intense in the earlier periods of 
life ; it predominated over A.-C. twice as frequently in pa- 
tients under 30 as in those over 50 years of age. 

6. Suppurative diseases of the ear with perforation of the 
tympanic membrane showed, dy Rinné’s test a remarkable 
preponderance of B.-C.—in 98 % the B.-C. predominating 
over the A.-C.; in 70 % the watch was heard on the temple; 
in 65 % by Weber’s test the tuning-fork was heard best on 
the worse side. The proof of the almost tnvariable prepon- 
derance of B.-C. over A.-C. (Rinné’s test), in cases of chronic 
suppurative inflammation of the middle ear, 7s the most re- 
markable result of this enquiry, a result which has been con- 
firmed by further and more recent observations. 

7. In chronic dry catarrh of the middle ear there was com- 
paratively feeble B.-C.; in only 43 4 did the B.-C. predomi- 
nate over the A.-C.; in about 38 % the watch was heard on 
the temple; in about 70 % by Weber’s test the tuning-fork 
was heard best on the worse side. 

8. Cases of ceruminous collections yielded somewhat sur- 
prising results—in only 52 % did the B.-C. predominate by 
Rinné’s test over the A.-C.; in about 54 % the watch was 
heard on the temple ; on the other hand, by Weber’s test 
the tuning-fork was always heard best on the worse side. 

g. In the inflammatory obstructions of the canal the re- 
sults were different ; the B.-C. predominated in 60 % of the 
cases ; the watch was heard in every case; while by Weber’s 
test the tuning-fork was heard best on the worse side. 

10. The distinctly labyrinthine cases showed: in 20 %, 
predominance of the B.-C.; in 25 %, the watch was heard 
on the temple; while 75 % heard, by Weber’s test, the tun- 
ing-fork better on the worse side. 

These results show that increased B.-C., whether as tested 
by Rinné’s method, by Weber’s method, or by the watch on 
the temple, does not necessarily and invariably point to dis- 
ease of the conducting structures only, and that on the 
other hand, defective B.-C. does not conclusively prove dis- 
ease of the nervous structures alone. We have, as Gustav 
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Brunner in a paper in the ARCHIVES OF OTOLOGY for 1884 
pointed out, to deal in practice with mixed affections of the 
external, middle, and internal ears, so that there often ex- 
ists in the one person simultaneous affections of the con- 
ducting structures and of the nerve structures, the affection 
of the one region (in its influence on the B.-C.) counter- 
balancing or more than counterbalancing that of the other 
region. This seems to be the true explanation of the fre- 
quent failure of the expected predominance of the B.-C.. 
over the A.-C. or of the A.-C. over the B.-C. We may find, 
for example, on examining the ears of a man, very dull of 
hearing, that, while there is an undoubted affection of the 
conducting structures, the A.-C., by Rinné’s test, predomi- 
nates. On enquiry, however, we may find that this man 
works at boiler-making or riveting, and that, as a con- 
sequence of the loud sounds, the nerve structures of his 
ears are damaged, and his perception by bone-conduction in 
this way so much enfeebled, as to more than counterbalance 
the effects upon the B.-C. of the disease of the conducting 
structures. On the other hand, a man came before me 
recently manifesting unmistakable signs of nerve mischief, 
and yet the B.-C., by Rinné’s test, predominated over the 
A.-C. A plug of cerumen was found in his external audi- 
tory canal, after the removal of which, the relation between 
the B.-C. and the A.-C. was found to be reversed, and the 
A.-C. now exceeded the B.-C. The plug of cerumen re- 
inforced the B.-C. to such an extent as to more than neu- 
tralize the enfeebling influence upon the B.-C. of diseased 
nerve structures. Predominance of the A.-C. does not 
therefore exclude disease of the conducting structures, but 
may simply mean that there exists in the nerve structures a 
condition which more than counterbalances the mischief in 
the conducting structures, while predominance of the B.-C. 
does not necessarily exclude mischief in the nerve structures, 
but may simply indicate that there exists in the conducting 
structures a condition which is sufficient to more than coun- 
terbalance, in regard to the bone-conduction, the effects of 
the nerve disease. 

The striking fact as to the almost invariable preponder- 
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ance of B.-C. (by Rinné’s test) in suppurative diseases of 
the middle ear, elicited by this inquiry, proves how sel- 
dom the labyrinthine structures are involved in these cases ; 
presenting a remarkable contrast to chronic non-suppurative 
catarrh, and even to ceruminous collections. I observed 
in these suppurative cases, not only increased percep- 
tion of the tuning-fork by B.-C., but also comparatively de- 
creased perception of the fork by A.C. Take, for example, 
two cases : in one there was chronic dry catarrh, with a hear- 
ing power, as tested by the watch, of 35 inches; and in the 
other there was chronic suppurative inflammation of the 
middle ear, with a hearing distance of 74, inches ; z¢ was found 
that a vibrating tuning-fork was heard by A.-C. for a much 
longer time in the former than in the latter. This is a peculiar- 
ity worthy of still more extended investigation ; and, indeed, 
the whole subject of the relation of bone-conduction to air- 
conduction of sound, in diseases of the ear, is deserving 
of greater attention, in order that this method of testing 
may take a more exact position in aural diagnosis. 
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A Guide to the Examination of the Nose. E. CresswE.i 
BaseR. New York: Vail & Co., 1886. (American edition.) Re- 
viewed by Dr. Max Toeplitz, Assistant Surgeon to the New York 
Ophthalmic and Aural Institute. 

Baber’s present contribution to the literature of rhinology is 
divided into eight chapters and an appendix. 

The first chapter treats of the anatomy and physiology of the 
nose in a concise and masterly manner ; the second, of the symp- 
toms of nasal affections, the reflex symptoms coming in for 
ample treatment. In the third chapter the author enters into the 
description of the physical examination of the nose, after dis- 
cussing the preliminary examination of the exterior of the nose 
and aspect of the face, the character of the voice, the patency of 
the nasal passages, the character of the patient’s breath, and the 
examination of the senses of smell and taste. 

Chapter IV. embraces anterior rhinoscopy, and here we have 
what is most decidedly original in the whole work. The dia- 
grams illustrating the anterior rhinoscopic picture form a valuable 
addition to rhinological literature ; they are the “ first attempt at 
representing these parts as they appear in the living subject.” 
Baber is also the first to describe in the living the tubercle of the 
septum, which Zuckerkandl has first recognized in autopsies. 
Here, too, we find for the first time 2” @ text-book a description of 
an electric illuminating apparatus for the nose and throat.’ The 
author’s self-retaining speculum, formed of two wire hooks united 
by an elastic band with a buckle, is of great practical value in 
operations. 

Chapter V. furnishes detailed directions for performing poste- 
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rior rhinoscopy, and gives many useful hints for avoiding the 
difficulties that may present themselves. The author’s thimble 
tongue-depressor is useful in children. 

Chapter VI. describes the palpation of the nose from in front 
and behind. 

The diagnosis of the commoner diseases of the nasal cavities is 
given in Chapter VII. in a very concise manner. An outline for 
“examining a case ” follows in Chapter VIII.; it would prove 
very convenient for rhinologists in making methodical records of 
their cases. 

The author concludes his work with an appendix, reporting 
cases illustrative of sudden erection of the anterior extremity of 
the inferior turbinated body. He makes the interesting observa- 
tion, that this erection is often associated with an injection of the 
manubrial vessels on the same side. 

The chief value of the work consists in the clear, precise, and 
practical treatment of the methods of examination. Although 
there is no scarcity of text-books on nasal diseases, we can recom- 
mend that of Baber highly both to the general practitioner and to 
the specialist. 

Manuale di Otologia. Compilato per i Medici-Chirurchi e 
per gli Studenti, dal Dott. VirTorio Grazzi, of Florence. (With 
fifty-two figures in the text.) Florence, 1886. 8frs. Reviewed 
by H. Knapp. 

This new text-book on otology treats on 738 pages the anatomy, 
physiology, pathology, and therapeutics of the organ of hearing. 
Besides the trattato classico, as our author calls it, by De Rossi, 
of Rome (1884), it is the only text-book on ear diseases in Italian, 
as far as we are aware. It is divided into twenty-four chapters. 

Chapter I. treats of the examination of the ear, on fifty-eight 
pages: Acuteness of hearing through air and bone, for voice, 
whisper, watch, tuning-fork, acoumeter, apparatus of Gellé, audi- 
phone, electro-telephone, otoscope (auscultation tube), which he 
calls otostethoscope, tritubular and inference otoscopes, and the 
entotic method of Binz. Then follow the methods of physical 
examination. This chapter is both clear and concise, yet suffi- 
ciently elaborate. 

Chapter II. Anatomical and physiological review of the sound- 
conducting apparatus —ninety-five pages, clear, practical, and 
complete. 

Chapter III, Diseases of the auricle—forty-one pages. In 
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erysipelas and furuncles he mentions the parasitic origin of these 
affections, but expresses his doubt. In furuncles he recommends 
a wash of 0.05 of corros. sublimate to 100 of absolute alcohol. 

Chapter IV.—external auditory canal ; fifty-three pages—treats 
of circumscribed and diffuse otitis ext., Politzer’s hemorrhagic 
otitis, of which the author has not seen a case as yet, eczema, 
neoplasms, and injuries. 

Chapter V.—fifty pages. Foreign bodies and plugs of cerumen. 
Several interesting cases well narrated. Reflex phenomena, as 
epilepsy, mental depression, fretfulness, loss of ambition, disin- 
clination to work, etc., caused by foreign bodies, cured by removal 
of the foreign bodies, 

Chapter VI. Pathology of the membrana tympani—thirty-six 
pages. Acute and chronic myringitis, Interlamellar abscess. His- 
tological changes (atrophy, relaxation, calcareous deposits, etc.). 

Chapter VII. Perforation of the J/¢, congenital, pathological, 
surgical. The section on the artificial drumhead is rather un- 
satisfactory. He says the best artificial drumhead consists in 
a cotton pellet impregnated with carbolized glycerine, but why he 
says: “ L’inventore di questi piumacetti é stato il Knapp di New 
York,” is intelligible to the reviewer only on the supposition that 
the author read an incomplete abstract of the reviewer’s paper, the 
very first sentence of which reads as follows :* “Since Yearsley, 
in 1884, recommended a moist cotton pellet,” etc. 

The different forms of inflammation of the middle ear are well 
and graphically described under the following heads : . 

Chapter VIII. Otit. med. catarrh. acuta et chronica. Be- 
sides cold baths, especially sea-baths with diving, courses of 
hydrotherapy are injurious. The prognosis is worse if, in addi- 
tion to the changes in the sound-conducting apparatus, there is 
also a defect in the cranial perception. 

Chapter IX. Acute and chronic ottorrhcea—sixty-four pages. 
The treatment of the latter is excellent. Rules judicious and de- 
tailed, evidently based on large personal experience. 

He gives preference to syringing over the so-called dry method. 
The use of astringents and antiseptics, boric acid (Bezold), caus- 
tic (Schwartze), alcohol, exsiccating powders (calomel, alum, 
iodoform, sulphate of copper, tannin, magisterium of bismuth, 
etc.), «is well described, with the indications, advantages, and 
disadvantages of the different methods. 
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Chapter X. treats in a concise manner of otitis purulenta in 
phthisical subjects, of otit. med. diphtheritica et desquamativa. 

Chapter XI. Polypi—twenty pages. Removes the larger 
polypi with the snare, treats the smaller medicinally. 

Chapter XILI., sixty-seven pages, treats of dry inflammation of the 
middle ear, which he divides into two kinds—otitis media hyper- 
plastica and otitis media sclerematosa. He presents, in a very 
readable form, conditions which have been found by pathological 
anatomy and clinical research, yet these two conditions, which are 
essentially sequelz of catarrhal and purulent inflammation, do not 
yet seem well enough known in their distinctive features to de- 
serve to enter into our classification as independent diseases. 
In this chapter he gives a detailed description of the differe n 
methods of treatment of all forms of middle-ear inflammation, 
namely, inflation according to Valsalva and Politzer, catheteriza- 
tion of the Eustachian tube, injection of fluids and vapors through 
the tube into the ear, rarefaction of the air in the external auditory 
canal, paracentesis of the J//, tenotomy of the tensor tympani 
muscle. 

Chapter XIII. Injuries and hemorrhage in the middle ear. 

Chapter XIV. Diseases of the Eustachian tube; acute and 
chronic inflammation ; stricture. 

Chapter XV. Mastoid process. External and internal inflam- 
mation ; trepanation. Rather short and insufficilent—twenty-nine 
pages. 

The third part of the book, ninety pages, treats of the anatomy, 
physiology, and pathology of the innerear. The normal and path- 
ological anatomy are well described, and the different conditions 
—acute and chronic otitis labyrinthica, Méniére’s disease, syphilis 
of the inner ear, and the different kinds of neurosis, even colored 
audition—are discussed, yet no attempt is made at a rational 
classification of the diseases of the labyrinth. 

The last part treats of aids to hearing, deaf-mutism, simula- 
tion and dissimulation, and ear disease with reference to legal 
medicine. 

The whole book is written in a clear, easy, and interesting 
style, and, though there are omissions, presents a fair and well- 
digested picture of modern aural surgery, with a personal stamp 
in many of its most important chapters. The typography is 
good, and those that understand, or learn to understand, the 
beautiful idiom of the author will find his book both pleasant and 
instructive, 
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